APPARATUS AND METHOD FOR MEASURING HEAT DISSIPATION 

Field of the Invention 

5 The present invention relates to an apparatus and 

method for measuring heat dissipation, which is capable of 
precisely measuring the heat dissipation of a heat 
dissipating element with ease by using a reference heat 
dissipating element . 

10 

Background of the Invention 

There have been a growing interest in and active 
research and development of cooling devices or heat 

15 exchangers applied to electrical and electronic appliances. 
Under the circumstances, the need to precisely and easily 
measure or calculate heat dissipation of a heat dissipating 
element incorporated in the cooling device or the heat 
exchanger is continuously increasing in the field of quality 

20 control, performance test and the like. 

A conventional "method for measuring the ■* heat 
dissipation of an object (heating element) is to measure a 
variation in heat quantity of a heat carrying fluid (or 
secondary fluid), e.g., water or air, which enters and 

25 leaves a vessel accommodating the object. That is, when the 
heat dissipation is measured in accordance with the 
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conventional method, a heating element is disposed in a 
vessel or a passage through which the heat carrying fluid 
flows to absorb heat from the heating element. Then, the 
heat carrying fluid's thermophysical properties including a 
5 temperature change owing to heat transfer between the heat 
carrying fluid and the heating element, specific heat, flow 
rate and the like are measured, and the variation in heat 
quantity (Qv) of the heat carrying fluid is obtained by 
using the following formula: 

10 

Qv = mf x c x (T2-T1) - Eq. 1 

where mf is a mass flow rate (a product of volumetric flow 
rate and density); c is a specific heat; Tl is an inflow 

15 . temperature of the heat carrying fluid; and T2 is an outflow 
temperature of the heat carrying fluid. 

However, determining the heat carrying fluid's 
thermophysical properties is very difficult especially when 
the amount of the heat dissipation is very little. Further, 

20 since the temperature of the heat carrying fluid is higher 
(or lower) than that of the surroundings of the vessel, the 
heat carrying fluid loses heat to (or absorbs heat from) the 
surroundings. Although the vessel or the passage may be 
insulated in an attempt to prevent this heat loss (or heat 

25 absorption) problem, the heat loss (or absorption) cannot be 
completely prevented. Thus, it is inevitable that the heat 
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quantity variation as calculated above includes a heat 
quantity variation owing to the heat loss to (or heat 
absorption from) the surroundings as well as a heat quantity 
variation owing to the heat transfer between the heat 
5 carrying fluid and the heating element. 

As described above, the conventional heat dissipation 
measuring method relies on the heat carrying fluid ! s 
thermophysical properties, which are measured with 
difficulty, and which are susceptible to an unavoidable heat 

10 loss the amount of which cannot be precisely measured. 
Accordingly, the conventional method presents such drawbacks 
of requiring considerable time, efforts and costs, 
necessitating complex equipments and methods for measuring 
the heat carrying fluid's thermophysical properties, and 

15 resulting in inaccurate measurement results. 

Summary of the Invention 

It is, therefore, an object of the present invention 
20 to provide an improved apparatus and method for readily and 
precisely measuring heat dissipation of a heating element 
without measuring heat carrying fluid's thermophysical 
properties and being disturbed by a heat loss (or heat 
absorption) problem even when the amount of the heat 
25 dissipation is very little. 

In accordance with one aspect of the invention, there 
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is provided an apparatus for measuring heat dissipation of a 
target heating element, including: a reference heating 
element for emitting heat; a control unit; and a pair of 
temperature measuring devices for measuring representative 
5 temperatures of the target and the reference heating element 
and transmitting to the control unit signals indicating the 
representative temperatures, wherein the reference heating 
element has an outer configuration and sizes substantially 
identical to those of the target heating element, and 

10 wherein the control unit controls the reference heating 
element such that the representative temperature of the 
reference heating element becomes substantially identical to 
that of the target heating element. 

In accordance with another aspect of the invention, 

15 there is provided a method for measuring heat dissipation of 
a target heating element, including the steps of: detecting 
and comparing representative temperatures of the target 
heating element and a reference heating element for emitting 
heat; controlling the reference heating element such that 

20 the representative temperatures of the target and the 
reference heating element become substantially identical to 
each other; and determining a heating value of the reference 
heating element as the heat dissipation of the target 
heating element when the representative temperatures of the 

25 target and the reference heating element are substantially 
identical to each other, wherein the reference heating 
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element has an outer configuration and sizes substantially 
identical to those of the target heating element. 

In accordance with still another aspect of the 
invention, there is provided an apparatus for measuring heat 
5 dissipation of a target heating element, including: means 
for detecting representative temperatures of the target 
heating element and a reference heating element; and means 
for comparing the representative temperatures, controlling 
the reference heating element such that the representative 

10 temperatures become substantially identical to each other, 
and determining heating value of the reference heating 
element as the heat dissipation of the target heating 
element when the representative temperatures are 
substantially identical to each other, wherein the reference 

15 heating element has an outer configuration and sizes 
substantially identical to those of the target heating 
element . 

Brief Description of the Drawings 

20 

The above and other objects and features of the 
present invention will become apparent from the following 
description of preferred embodiments given in conjunction 
with the accompanying drawings, in which: 
25 Fig. 1 is a schematic view of an apparatus for 

measuring heat dissipation in accordance with a first 
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preferred embodiment of the present invention; 

Fig. 2 presents a schematic view of an apparatus for 
measuring heat dissipation in accordance with a second 
preferred embodiment of the present invention; and 
5 Fig. 3 illustrates a schematic view of an apparatus 

for measuring heat dissipation in accordance with a third 
preferred embodiment of the present invention. 

Detailed Description of the Preferred Embodiments 

10 

Preferred embodiments of the present invention will 
now be described in detail with reference to the 
accompanying drawings, wherein like parts appearing Figs. 1 
to 3 are represented by like reference numerals. 

15 The present invention is based on the concept that 

heating values or heat dissipations of two objects, which 
have a same outer configuration and sizes and which are in 
same surroundings, are identical to each other if their 
representative temperatures are equal to each other. And 

20 various structures and methods for determining the 
representative temperatures are offered in the following 
preferred embodiments . 

Referring to Fig. 1, there is schematically 
illustrated an apparatus for measuring heat dissipation of 

25 an object (heating element) in accordance with a first 
preferred embodiment of the present invention. As shown in 
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Fig. 1, the apparatus for measuring heat dissipation of an 
object includes a reference heating element 4 which has an 
outer configuration and sizes substantially identical to 
those of a target heating element 1 whose heat dissipation 
5 is to be measured. The target heating element 1 may be any 
object emitting heat, such as a portion of a pipe through 
which a condensed refrigerant flows. Further, any object 
whose outer configuration and sizes are substantially 
identical to those of the target heating element 1 and whose 

10 heating value is variable and known or easily obtained can 
be used as the reference heating element 4 . The reference 
heating element 4 is provided with an electrical heater 7 
which is electrically connected to a variable power source 8 
and, thus its heating value can be calculated by using a 

15 power supplied to the electrical heater 7. 

Further, the apparatus for measuring heat dissipation 
of an object includes vessels 2 and 5 in which the target 
and the reference heating element 1 and 4 are disposed under 
a same condition. The vessels 2 and 5 have ports 

20 respectively on their bottoms, and are substantially 
identical to each other in geometry and material. The ports 
of the vessels 2 and 5 are connected to a flow generator 10 
through ducts 3 and 6, which are also substantially 
identical to each other in geometry and material. The flow 

25 generator 10 with a chamber 10a and a fan 9 draws a heat 
carrying fluid (or secondary fluid) 13, e.g., water or air, 
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from the vessels 2 and 5 through the ducts 3 and 6 with a 
same suction force. The heat carrying fluid 13 is supplied 
to the vessels 2 and 5 at a same rate from the surroundings 
or by a supplier (not shown) and discharged therefrom 
5 through the ports at a same rate by the flow generator 10. 
Further, the vessels 2 and 5 are disposed in substantially 
identical surroundings and the ducts 3 and 6 are also 
disposed in substantially identical surroundings. 

To measure temperatures, i.e., the representative 

10 temperatures, of the heat carrying fluids 13 flowing in the 
ducts 3 and 6, temperature measuring devices 11 and ll 1 , 
e.g., thermometers, are installed in the ducts 3 and 6 
respectively in such a manner that a travel distance of the 
heat carrying fluid 13 in the duct 3 from the port of the 

15 vessel 2 to the temperature measuring device 11 is equal to 
that of the heat carrying fluid 13 in the duct 6 from the 
port of the vessel 5 to the temperature measuring device 11 f . 
The temperature measuring devices 11 and 11 1 transmit to a 
control unit 12 signals indicating temperatures measured 

20 thereat. 

The control unit 12 controls the variable power supply 
8 in such a manner that the temperatures measured by the 
temperature measuring devices 11 and 11 1 become identical to 
each other. For example, if the temperature of the heat 
25 carrying fluid 13 flowing in the duct 3 is greater than that 
of the heat carrying fluid 13 flowing in the duct 6, the 
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control unit 12 controls the variable power supply 8 to 
increase power supplied to the heater 7 by a desired level. 
In contrast, if the temperature of the heat carrying fluid 
13 flowing in the duct 3 is less than that of the heat 
5 carrying fluid 13 flowing in the duct 6, the control unit 12 
controls the variable power supply 8 to reduce power 
supplied to the heater 7 by a desired level. When the 
temperatures become substantially identical to each other, 
the control unit 12 calculates the heating value of the 

10 reference heating element 4 by using the power supplied to 
the heater 7 at that time. The heating value of the 
reference heating element 4 thus obtained is regarded as the 
heat dissipation of the target heating element 1. 

Referring to Fig. 2, there is schematically 

15 illustrated an apparatus for measuring heat dissipation of 
an object in accordance with a second preferred embodiment 
of the present invention, wherein like parts to those of the 
first embodiment are represented by like reference 
characters and detailed descriptions thereof will be omitted 

20 The apparatus of the second preferred embodiment is 
identical to the apparatus of the first preferred embodiment 
except that the representative temperatures are average 
surface temperatures measured on surfaces of the target 
heating element 1 and the reference heating element 4 . 

25 The apparatus of the second preferred embodiment 

includes temperature measuring devices 11a and 11a 1 for 



_ 9 _ 



measuring surface temperatures of the target heating element 
1 and the reference heating element 4 . The temperature 
measuring devices 11a and 11a 1 have, for example, plural 
number of thermocouples attached on the surfaces of the 
5 target heating element 1 and the reference heating element 4 
at plural corresponding locations, respectively. The 
temperature measuring devices 11a and 11a 1 transmit to a 
control unit 12a signals indicating temperatures measured 
thereat. The control unit 12a calculates the average 

10 surface temperatures of the target heating element 1 and the 
reference heating element 4, and controls the variable power 
supply 8 in such a manner that the average surface 
temperature of the target heating element 1 becomes 
substantially identical to that of the reference heating 

15 element 4. For example, if the average surface temperature 
of the target heating element 1 is greater than that of the 
reference heating element 4, the control unit 12a controls 
the variable power supply 8 to increase power supplied to 
the heater 7 by a desired level. In contrast, if the 

20 average surface temperature of the object heating element 1 
is less than that of the reference heating element 4, the 
control unit 12 controls the variable power supply 8 to 
reduce power supplied to the heater 7 by a desired level. 
When the average surface temperatures become substantially 

25 identical to each other, the control unit 12a calculates the 
heating value of the reference heating element 4 by using 
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the power supplied to the heater 7 at that time. The 
heating value of the reference heating element 4 thus 
obtained is regarded as the heat dissipation of the target 
heating element 1. 
5 Referring . to Fig. 3, an apparatus for measuring heat 

dissipation of an object in accordance with a third 
preferred embodiment of the present invention will now be 
described, wherein like parts to those of the first 
embodiment are represented by like reference characters and 

10 detailed descriptions thereof will be omitted. 

In this preferred embodiment, the representative 
temperatures are measured from fins 20 and 20 1 attached to 
the target and the reference heating element 1 and 4. The 
apparatus of the third preferred embodiment includes a duct 

15 22 in which the target 1 and the reference heating element 1 
and 4 are horizontally installed parallel to each other. 
The fins 20 and 20 1 are horizontally attached to or in 
contact with the target and the reference heating element 1 
and 4, respectively. Preferably, a fan 9a is installed in 

20 front of the duct 22 in order to supply airflow (or the heat 
carrying fluid) thereto. The temperature measuring devices 
11 and 11 1 are sticked to the fins 20 and 20 1 at 
corresponding locations, respectively. The temperature 

measuring devices 11 and 11 1 transmit to the control unit 12 

25 signals indicating temperatures (the representative 
temperatures) measured thereat. The control unit 12 
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controls the variable power supply 8 in the manner used in 
the first preferred embodiment. When the measured 

temperatures become identical to each other, the control 
unit calculates the heating value of the reference heating 
5 element 4 by using the power supplied to the heater 7 at 
that time. The heating value of the reference heating 
element 4 thus obtained is regarded as the heat dissipation 
of the target heating element 1. 

As described above, in the preferred embodiments of 

10 the present invention, the heat dissipation of the target 
heating element can be measured by comparing the 
representative temperatures of the target and the reference 
heating element and calculating the heating value of the 
reference heating element. Thus, the apparatus for 

15 measuring heat dissipation of an object in accordance with 
the present invention does not require the insulation of a 
vessel accommodating the target heating element and the heat 
carrying fluid's thermophysical properties. Accordingly, 
easy and precise measurement of heat dissipation of an 

20 object can be effectively conducted. 

While the invention has been shown and described with 
respect to the preferred embodiments, it will be understood 
by those skilled in the art that various changes and 
modifications may be made without departing from the spirit 

25 and scope of the invention as defined in the following 
claims . 
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